The use of artificial intelligence techniques such as fuzzy logic, neural networks and evolutionary computation is currently very important in medicine to be able to provide an effective and timely diagnosis. The use of fuzzy logic allows to design fuzzy classifiers, which have fuzzy rules and membership functions, which are designed based on the experience of an expert. In this particular case a fuzzy classifier of Mamdani type was built, with 21 rules, with two inputs and one output and the objective of this classifier is to perform blood pressure level classification based on knowledge of an expert which is represented in the fuzzy rules. Subsequently different architectures were made in type-1 and type-2 fuzzy systems for classification, where the parameters of the membership functions used in the design of each architecture were adjusted, which can be triangular, trapezoidal and Gaussian, as well as how the fuzzy rules are optimized based on the ranges established by an expert. The main contribution of this work is the design of the optimized interval type-2 fuzzy system with triangular membership functions. The final type-2 system has a better classification rate of 99.408% than the type-1 classifier developed previously in "Design of an optimized fuzzy classifier for the diagnosis of blood pressure with a new computational method for expert rule optimization" with 98%. In addition, we also obtained a better classification rate than the other architectures proposed in this work.
Introduction
Nowadays the use of artificial intelligence techniques such as fuzzy logic, neural networks and evolutionary computation help to design models with fast and efficient response that can give a precise diagnosis and thus help decision-making based on the experience and rules established by experts in the area in order, it is difficult to determine whether or not we have a high blood pressure level, which is why it is important to check constantly and every 24 h to monitor blood pressure (BP) samples during the course of 24 h and this information will help to have a more accurate analysis of the behavior of BP. That is why this work is based on 24-h monitoring and not on daily, weekly or monthly takes, since the use of information from a single sample could impact the diagnosis, since a single sample can result in high blood pressure because for reasons of everyday life at that time the patient had an action that took him to that state, that is why the effectiveness of using the information of a monitoring, helps to keep track of a whole day and see the behavior that the patient has during day and night and this helps determine if the patient is hypertension or not [1] [2] [3] .
Through the use of 24-h monitoring that throws the pressure device used for this research, we have a total of 45 samples of systolic pressure and 45 samples of diastolic pressure during the course of 24 h, then this information is analyzed by neural networks, which help to model this information and thus obtain a trend which will be the input to the fuzzy classifier, which based on knowledge of an expert and guides already specified by the dependencies of cardiology will give a quick and correct diagnosis [4] [5] [6] .
In this paper we are focused on the design and experimentation of different architectures in order to find the optimal classifier for the classification of BP levels and it is a continuation of previously works done by the authors [7] [8] [9] , since currently there are few works for the diagnosis of the blood pressure using artificial intelligence techniques. This work takes as a basic guide the European guidelines which are classified in the following levels: hypotension, normal, high normal, grade 1, 2, 3 and isolated systolic pressure grade 1, 2, 3, as shown in Table 1 based in the European cardiology society [10] [11] [12] [13] [14] . This type of well implemented systems allows cardiologists to give a better diagnosis based on a series of data well analyzed and subsequently classified based on the knowledge of an expert, in this case a medical expert in the area. Nowadays the seriousness of this problem of BP has caused to give a greater importance to this disease since every day increases the number of hypertensive people in the world and a large amount of it does not know that it suffers from this disease until it experiences an event cardiovascular which can lead to death.
The doctors every day rely more on the use of intelligent techniques, which allows them to analyze and know more accurately the past, present and future behavior of each patient and this helps them to have a better diagnosis based on all this data obtained during the time, all this in real life helps to avoid human losses at an early age, that is why the importance of requiring these technologies, which prevent with great precision problems in the future.
The main contribution of this work is the design of the interval type-2 fuzzy system with triangular membership functions, which is better than the design of the type-1 fuzzy system developed previously [15] .
The general model to which this fuzzy classifier belongs is composed primarily by a database of real patients [16] [17] [18] [19] [20] [21] , which, with the collaboration of a cardiology has been increased to 200 24-h monitoring, each monitoring contains 45 systolic samples and 45 samples diastolic by patient and each one is independent at the time of classification, this information is modeled by a modular neuronal network which results in the tendency based on this information and this tendency is the input to the fuzzy classifier, to which the parameters and rules were adjusted with genetic algorithms [22] [23] [24] [25] [26] [27] [28] . The parameter adjustment method of the membership functions consists of determining the ranges of each membership function and moving each point within that range and searching for the optimum value. During this process of parameter adjustment different fuzzy classifiers are created that are being tested to determine the best and this is taken as a basis for experiments, currently, there are experiments in type-1 and type-2 fuzzy systems. This paper is organized as follows: In Section 2 the basic concepts are presented, in Section 3 the problem statement and proposed method are explained, Section 4 outlines the knowledge representation of the optimized type-1 and interval type-2 fuzzy systems, Section 5 describes the results of this work, Section 6 presents the discussion and Section 7 the conclusions are presented.
Basic Concepts
Some definitions are fundamental to understand the functioning of blood pressure and this will help to better understand the objective of this work
Blood Pressure
Blood pressure (BP) is the power that the blood applies against the dividers of the conduits. At the point when the heart thumps, it directs blood to the conduits, this is the point at which its weight is higher and it is called systolic weight. At the point when your heart is very still between one beat and another, the circulatory strain reductions and this is called diastolic weight.
Both systolic and diastolic circulatory strain esteems are utilized as a part of characterizing the pulse. When all is said in done, the systolic weight is specified first and after that the diastolic. A perusing with estimations of:
• 119/79 or less is considered normal BP • 140/90 or higher is considered high BP
In the vicinity of 120 and 139 for the most elevated number or in the vicinity of 80 and 89 for the least number is prehypertension. Prehypertension implies that somebody can grow hypertension except if some move is made.
Hypertension does not more often than not have side effects but rather can cause difficult issues, for example, strokes, heart disappointment, localized necrosis and kidney disappointment.
Somebody can control the pulse with a solid way of life like exercise and DASH slim down and, if vital, solutions.
Type of Blood Pressures
Hypertension is the most widely recognized illness and increments both the bleakness and mortality from cardiovascular ailments. Distinctive kinds of hypertension can be characterized when the sickness is sub-arranged.
These types are described in Table 1 [29] .
In Table 1 , a Category (BP) is the highest BP level, either systolic or diastolic. The isolated systolic hypertension is divided as 1, 2 or 3 according to the systolic BP value in the ranges indicated.
Hypotension
Low BP, otherwise called hypotension, would be thought of as insignificant. Be that as it may, for some individuals, hypotension can cause indications of wooziness and blacking out. In more serious cases, low circulatory strain can be dangerous.
Circulatory strain fluctuates from individual to individual, a pulse perusing of 90 mm Hg or less of systolic pulse (the most elevated number on a pulse perusing) or 60 mm Hg or lower diastolic pulse (The lower number) is generally considered as low circulatory strain.
Reasons for hypotension can run from lack of hydration to genuine restorative or careful issue. Low pulse can be dealt with, yet it is essential to realize what is causing the malady so it can be dealt with legitimately.
Hypertension
Hypertension is a perpetual condition that includes expanding pulse. One of the qualities of this sickness is that there is no unmistakable introduction of the side effects and that these do not show for quite a while. Figure 2 shows the specific general model, we have a database, which consists of 200 patients, the modular neuronal network models and learns the information processed to finally give a tendency to base on that information given. Then this information is analyzed and classified by the FS, which is optimized by GA. Figure 2 shows the specific general model, we have a database, which consists of 200 patients, the modular neuronal network models and learns the information processed to finally give a tendency to base on that information given. Then this information is analyzed and classified by the FS, which is optimized by GA. 
Design of the Type-1 Fuzzy Systems for Classification with Triangular Membership Functions
The design of this type-1 fuzzy system was made based on previous work where the membership functions and the fuzzy rules are optimized to find the best possible classification architecture, after different experiments were performed it was obtained that the architecture with triangular membership functions produced better results when using type-1 fuzzy systems. The design is similar to works done in other application areas, like in Reference [41] .
Design of the Type-1 FS for Classification with Trapezoidal Membership Functions

Design of the Second FS for the Classification of BP Levels with Trapezoidal Memberships Functions
The structure of the fuzzy system is shown in Figure 3 . The numbers marked in the Figure 4 list each of the MFs for the input systolic and these are: 1-Low, 2-Low_Normal, 3-Normal, 4-High_Normal, 5-High, 6-Very_High, 7-Too_High. 
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Design of the Second FS for the Classification of BP Levels with Trapezoidal Memberships Functions
The structure of the fuzzy system is shown in Figure 3 . The numbers marked in the Figure 4 list each of the MFs for the input systolic and these are: 1-Low, 2-Low_Normal, 3-Normal, 4-High_Normal, 5-High, 6-Very_High, 7-Too_High. The numbers marked in the Figure 5 list each of the membership functions for the input diastolic and these are: 1-Low, 2-Low_Normal, 3-Normal, 4-High_Normal, 5-High, 6-Very_High, 7-Too_High. The numbers marked in the Figure 6 list each of the membership functions for the output BP_Levels and these are: 1-Hypotension, 2-Optimal, 3-Normal, 4-High_Normal, 5-ISHGRADE_1, 6-Grade_1, 7-ISHGRADE_2, 8-Grade_2, 9-ISHGRADE_3, 10-Grade_3. The numbers marked in the Figure 5 list each of the membership functions for the input diastolic and these are: 1-Low, 2-Low_Normal, 3-Normal, 4-High_Normal, 5-High, 6-Very_High, 7-Too_High. The numbers marked in the Figure 6 list each of the membership functions for the output BP_Levels and these are: 1-Hypotension, 2-Optimal, 3-Normal, 4-High_Normal, 5-ISHGRADE_1, 6-Grade_1, 7-ISHGRADE_2, 8-Grade_2, 9-ISHGRADE_3, 10-Grade_3. The numbers marked in the Figure 5 list each of the membership functions for the input diastolic and these are: 1-Low, 2-Low_Normal, 3-Normal, 4-High_Normal, 5-High, 6-Very_High, 7-Too_High. 
Genetic Type-1 Fuzzy System with Trapezoidal Membership Functions
The fuzzy system(FS) was optimized with GA, in the GA it is necessary a chromosome to optimize the (MFs), as shown in Figure 7 and the chromosome has 96 genes and this help to optimize the MFs, Genes 1-28 (real numbers) allow to manage the parameters of the systolic input, Genes 29-56 (real numbers) allow to manage the parameters of the diastolic input and Genes 57-96 (real numbers) allow to manage the parameters of the BP_Levels output. The following Figure 7 shows the structure of the chromosome:
The fuzzy system(FS) was optimized with GA, in the GA it is necessary a chromosome to optimize the (MFs), as shown in Figure 7 and the chromosome has 96 genes and this help to optimize the MFs, Genes 1-28 (real numbers) allow to manage the parameters of the systolic input, Genes 29-56 (real numbers) allow to manage the parameters of the diastolic input and Genes 57-96 (real numbers) allow to manage the parameters of the BP_Levels output. The following Figure 7 shows the structure of the chromosome: The structure of the optimized type-1 fuzzy system is shown in Figure 8 . The numbers marked in the Figure 9 list each of the membership functions for the input systolic and these are: 1-Low, 2-Low_Normal, 3-Normal, 4-High_Normal, 5-High, 6-Very_High, 7-Too_High. The structure of the optimized type-1 fuzzy system is shown in Figure 8 . The numbers marked in the Figure 9 list each of the membership functions for the input systolic and these are: 1-Low, 2-Low_Normal, 3-Normal, 4-High_Normal, 5-High, 6-Very_High, 7-Too_High.
The fuzzy system(FS) was optimized with GA, in the GA it is necessary a chromosome to optimize the (MFs), as shown in Figure 7 and the chromosome has 96 genes and this help to optimize the MFs, Genes 1-28 (real numbers) allow to manage the parameters of the systolic input, Genes 29-56 (real numbers) allow to manage the parameters of the diastolic input and Genes 57-96 (real numbers) allow to manage the parameters of the BP_Levels output. The following Figure 7 shows the structure of the chromosome: The structure of the optimized type-1 fuzzy system is shown in Figure 8 . The numbers marked in the Figure 9 list each of the membership functions for the input systolic and these are: 1-Low, 2-Low_Normal, 3-Normal, 4-High_Normal, 5-High, 6-Very_High, 7-Too_High. The numbers marked in the Figure 10 list each of the membership functions for the input diastolic and these are: 1-Low, 2-Low_Normal, 3-Normal, 4-High_Normal, 5-High, 6-Very_High, 7-Too_High. The numbers marked in the Figure 10 list each of the membership functions for the input diastolic and these are: 1-Low, 2-Low_Normal, 3-Normal, 4-High_Normal, 5-High, 6-Very_High, 7-Too_High. The numbers marked in the Figure 11 list each of the membership functions for the output BP_Levels and these are: 1-Hypotension, 2-Optimal, 3-Normal, 4-High_Normal, 5-ISHGRADE_1, 6-Grade_1, 7-ISHGRADE_2, 8-Grade_2, 9-ISHGRADE_3, 10-Grade_3. The numbers marked in the Figure 11 list each of the membership functions for the output BP_Levels and these are: 1-Hypotension, 2-Optimal, 3-Normal, 4-High_Normal, 5-ISHGRADE_1, 6-Grade_1, 7-ISHGRADE_2, 8-Grade_2, 9-ISHGRADE_3, 10-Grade_3. The numbers marked in the Figure 10 list each of the membership functions for the input diastolic and these are: 1-Low, 2-Low_Normal, 3-Normal, 4-High_Normal, 5-High, 6-Very_High, 7-Too_High. The numbers marked in the Figure 11 list each of the membership functions for the output BP_Levels and these are: 1-Hypotension, 2-Optimal, 3-Normal, 4-High_Normal, 5-ISHGRADE_1, 6-Grade_1, 7-ISHGRADE_2, 8-Grade_2, 9-ISHGRADE_3, 10-Grade_3. 
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Design of the third FS for the Classification of BP Levels with Gaussian Membership Functions
The structure of the fuzzy system is shown in Figure 12 . The numbers marked in the Figure 13 list each of the membership functions for the input systolic and these are: 1-Low, 2-Low_Normal, 3-Normal, 4-High_Normal, 5-High, 6-Very_High, 7-Too_High. 
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Design of the third FS for the Classification of BP Levels with Gaussian Membership Functions
The structure of the fuzzy system is shown in Figure 12 . The numbers marked in the Figure The fuzzy system was optimized with GA, in the GA it is necessary a chromosome to optimize the membership functions (MFS), as shown in Figure 16 and the chromosome has 42 genes and this information help to optimize the membership functions, Genes 1-14 (real numbers) allow to manage the parameters of the systolic input, Genes 15-28 (real numbers) allow to manage the parameters of the diastolic input and Genes 29-42 (real numbers) allow to manage the parameters of the BP_Levels output. The following Figure 16 shows the structure of the chromosome: The fuzzy system was optimized with GA, in the GA it is necessary a chromosome to optimize the membership functions (MFS), as shown in Figure 16 and the chromosome has 42 genes and this information help to optimize the membership functions, Genes 1-14 (real numbers) allow to manage the parameters of the systolic input, Genes 15-28 (real numbers) allow to manage the parameters of 
Genetic Type-1 Fuzzy System with Gaussian Membership Functions
The fuzzy system was optimized with GA, in the GA it is necessary a chromosome to optimize the membership functions (MFS), as shown in Figure 16 and the chromosome has 42 genes and this information help to optimize the membership functions, Genes 1-14 (real numbers) allow to manage the parameters of the systolic input, Genes 15-28 (real numbers) allow to manage the parameters of the diastolic input and Genes 29-42 (real numbers) allow to manage the parameters of the BP_Levels output. The following Figure 16 shows the structure of the chromosome: Figure 15 . BP_Levels output for the type-1 fuzzy system for classification with Gaussian membership functions.
Genetic Type-1 Fuzzy System with Gaussian Membership Functions.
The fuzzy system was optimized with GA, in the GA it is necessary a chromosome to optimize the membership functions (MFS), as shown in Figure 16 and the chromosome has 42 genes and this information help to optimize the membership functions, Genes 1-14 (real numbers) allow to manage the parameters of the systolic input, Genes 15-28 (real numbers) allow to manage the parameters of the diastolic input and Genes 29-42 (real numbers) allow to manage the parameters of the BP_Levels output. The following Figure 16 shows the structure of the chromosome: 
Design of the Optimized Type-1 FS for Classification with Gaussians Membership Functions
The structure of the fuzzy system with two inputs and one output is shown in Figure 17 . The numbers marked in the Figure 18 list each of the membership functions for the input systolic and these are: 1-Low, 2-Low_Normal, 3-Normal, 4-High_Normal, 5-High, 6-Very_High, 7-Too_High. The structure of the fuzzy system with two inputs and one output is shown in Figure 17 . The numbers marked in the Figure 18 list each of the membership functions for the input systolic and these are: 1-Low, 2-Low_Normal, 3-Normal, 4-High_Normal, 5-High, 6-Very_High, 7-Too_High. The structure of the fuzzy system with two inputs and one output is shown in Figure 17 . The numbers marked in the Figure 18 list each of the membership functions for the input systolic and these are: 1-Low, 2-Low_Normal, 3-Normal, 4-High_Normal, 5-High, 6-Very_High, 7-Too_High. 
Design of the Interval Type-2 FS for Classification with Triangular Membership Functions
Design of the First Interval Type-2 FS for the Classification of BP Levels with Triangular Membership Functions
The structure of the fuzzy system is illustrated in Figure 21 . The numbers marked in the Figure  22 list each of the membership functions for the input systolic and these are: 1-Low, 2-Low_Normal, 3-Normal, 4-High_Normal, 5-High, 6-Very_High, 7-Too_High. 
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Design of the First Interval Type-2 FS for the Classification of BP Levels with Triangular Membership Functions
The structure of the fuzzy system is illustrated in Figure 21 . The numbers marked in the Figure  22 list each of the membership functions for the input systolic and these are: 1-Low, 2-Low_Normal, 3-Normal, 4-High_Normal, 5-High, 6-Very_High, 7-Too_High. The structure of the fuzzy system is illustrated in Figure 21 The numbers marked in the Figure 24 list each of the membership functions for the output BP_Levels and these are: 1-Hypotension, 2-Optimal, 3-Normal, 4-High_Normal, 5-ISHGRADE_1, 6-Grade_1, 7-ISHGRADE_2, 8-Grade_2, 9-ISHGRADE_3, 10-Grade_3. 
Optimization of the Triangular Interval Type-2 Fuzzy Inference System with Genetic Algorithm
The interval type-2 fuzzy system was optimized with GA, where we have a chromosome to optimize the membership functions (MFS), as shown in Figure 25 and the chromosome has 144 genes, which help to optimize the membership functions, Genes 1-42 (real numbers) allow to manage the parameters of the systolic input, Genes 43-84 (real numbers) allow to manage the parameters of the diastolic input and Genes 85-144 (real numbers) allow to manage the parameters of the BP_Levels output. The following Figure 25 shows the structure of the chromosome: Figure 25 . Structure of the chromosome for the interval type-2 fuzzy system for classification with triangular membership functions.
Design of the Optimized Interval Type-2 FS for Classification with Triangular Membership Functions
The structure of the optimized interval type-2 fuzzy system is illustrated in Figure 26 . The numbers marked in the Figure 27 list each of the membership functions for the input systolic and these are: 1-Low, 2-Low_Normal, 3-Normal, 4-High_Normal, 5-High, 6-Very_High, 7-Too_High. BP_Levels output for the interval type-2 FS for classification with triangular membership functions.
Optimization of the Triangular Interval Type-2 Fuzzy Inference System with Genetic Algorithm
The interval type-2 fuzzy system was optimized with GA, where we have a chromosome to optimize the membership functions (MFS), as shown in Figure 25 and the chromosome has 144 genes, which help to optimize the membership functions, Genes 1-42 (real numbers) allow to manage the parameters of the systolic input, Genes 43-84 (real numbers) allow to manage the parameters of the diastolic input and Genes 85-144 (real numbers) allow to manage the parameters of the BP_Levels output. The following Figure 25 shows the structure of the chromosome:
The numbers marked in the Figure 24 list each of the membership functions for the output BP_Levels and these are: 1-Hypotension, 2-Optimal, 3-Normal, 4-High_Normal, 5-ISHGRADE_1, 6-Grade_1, 7-ISHGRADE_2, 8-Grade_2, 9-ISHGRADE_3, 10-Grade_3. 
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The structure of the interval type-2 fuzzy system is show in Figure 30 
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Design of the First Interval Type-2 FS for the Classification of BP Levels with Trapezoidal Memberships Functions
The structure of the interval type-2 fuzzy system is show in Figure 30 . The numbers marked in the Figure 31 list each of the membership functions for the input systolic and these are: 1-Low, 2-Low_Normal, 3-Normal, 4-High_Normal, 5-High, 6-Very_High, 7-Too_High. 
Optimization of the Trapezoidal Type-2 Fuzzy Inference System with Genetic Algorithm
The interval type-2 fuzzy system was optimized with GA, in the GA it is necessary a chromosome to optimize the membership functions (MFS), as shown in Figure 34 and the chromosome has 246 genes and this data help to optimize the membership functions, Genes 1-63 (real numbers) allow to manage the parameters of the systolic input, Genes 64-126 (real numbers) allow to manage the parameters of the diastolic input and Genes 127-216 (real numbers) allow to manage the parameters of the BP_Levels output. The following Figure 34 shows the structure of the chromosome:
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The interval type-2 fuzzy system was optimized with GA, in the GA it is necessary a chromosome to optimize the membership functions (MFS), as shown in Figure 34 and the chromosome has 246 genes and this data help to optimize the membership functions, Genes 1-63 (real numbers) allow to manage the parameters of the systolic input, Genes 64-126 (real numbers) allow to manage the parameters of the diastolic input and Genes 127-216 (real numbers) allow to manage the parameters of the BP_Levels output. The following Figure 34 shows the structure of the chromosome: Figure 34 . Structure of the chromosome for the interval type-2 FS for classification with trapezoidal MFs.
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The structure of the optimized interval type-2 fuzzy system is shown in Figure 35 . The numbers marked in the Figure 36 list each of the membership functions for the input systolic and these are: 1-Low, 2-Low_Normal, 3-Normal, 4-High_Normal, 5-High, 6-Very_High, 7-Too_High.
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Design of the First Interval Type-2 Fuzzy System for the Classification of BP Levels with Gaussians Memberships Functions
The structure of the interval type-2 fuzzy system with Gaussian MFs is illustrated in Figure 39 . The numbers marked in the Figure 40 list each of the membership functions for the input systolic and these are: 1-Low, 2-Low_Normal, 3-Normal, 4-High_Normal, 5-High, 6-Very_High, 7-Too_High. 
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Design of the First Interval Type-2 Fuzzy System for the Classification of BP Levels with Gaussians Memberships Functions
The structure of the interval type-2 fuzzy system with Gaussian MFs is illustrated in Figure 39 . The numbers marked in the Figure 40 list each of the membership functions for the input systolic and these are: 1-Low, 2-Low_Normal, 3-Normal, 4-High_Normal, 5-High, 6-Very_High, 7-Too_High. The numbers marked in the Figure 41 list each of the membership functions for the input diastolic and these are: 1-Low, 2-Low_Normal, 3-Normal, 4-High_Normal, 5-High, 6-Very_High, 7-Too_High. 
Optimization of the Gaussian Type-2 Fuzzy Inference System with Genetic Algorithm
The interval type-2 fuzzy system was optimized with GA, in the GA it is necessary a chromosome to optimize the membership functions (MFS), as shown in Figure 43 and the chromosome has 72 genes and this genes help to optimize the membership functions, Genes 1-21 (real numbers) allow to manage the parameters of the systolic input, Genes 22-42 (real numbers) allow to manage the parameters of the diastolic input and Genes 43-72 (real numbers) allow to manage the parameters of the BP_Levels output. The following Figure 43 shows the structure of the chromosome: The numbers marked in the Figure 42 list each of the membership functions for the output BP_Levels and these are: 1-Hypotension, 2-Optimal, 3-Normal, 4-High_Normal, 5-ISHGRADE_1, 6-Grade_1, 7-ISHGRADE_2, 8-Grade_2, 9-ISHGRADE_3, 10-Grade_3. 
The interval type-2 fuzzy system was optimized with GA, in the GA it is necessary a chromosome to optimize the membership functions (MFS), as shown in Figure 43 and the chromosome has 72 genes and this genes help to optimize the membership functions, Genes 1-21 (real numbers) allow to manage the parameters of the systolic input, Genes 22-42 (real numbers) allow to manage the parameters of the diastolic input and Genes 43-72 (real numbers) allow to manage the parameters of the BP_Levels output. The following Figure 43 shows the structure of the chromosome: Figure 42 . BP_Levels output for the interval type-2 fuzzy system for classification with Gaussians membership functions.
The interval type-2 fuzzy system was optimized with GA, in the GA it is necessary a chromosome to optimize the membership functions (MFS), as shown in Figure 43 and the chromosome has 72 genes and this genes help to optimize the membership functions, Genes 1-21 (real numbers) allow to manage the parameters of the systolic input, Genes 22-42 (real numbers) allow to manage the parameters of the diastolic input and Genes 43-72 (real numbers) allow to manage the parameters of the BP_Levels output. The following Figure 43 shows the structure of the chromosome: Figure 43 . Structure of the chromosome for the interval type-2 FS for classification with Gaussian membership functions.
Design of the Optimized Interval Type 2 FS for Classification with Gaussians Membership Functions
The structure of the optimized interval type-2 fuzzy system with Gaussian MFs is illustrated in Figure 44 . The numbers marked in the Figure 45 list each of the membership functions for the input systolic and these are: 1-Low, 2-Low_Normal, 3-Normal, 4-High_Normal, 5-High, 6-Very_High, 7-Too_High.
The structure of the optimized interval type-2 fuzzy system with Gaussian MFs is illustrated in Figure 44 . The numbers marked in the Figure 45 list each of the membership functions for the input systolic and these are: 1-Low, 2-Low_Normal, 3-Normal, 4-High_Normal, 5-High, 6-Very_High, 7-Too_High. 
The structure of the optimized interval type-2 fuzzy system with Gaussian MFs is illustrated in Figure 44 . The numbers marked in the Figure 45 list each of the membership functions for the input systolic and these are: 1-Low, 2-Low_Normal, 3-Normal, 4-High_Normal, 5-High, 6-Very_High, 7-Too_High. In previous work we have worked with the optimization of fuzzy rules, for which we already have the optimal number of fuzzy rules based on the optimization made previously, that is why the fuzzy rules are listed below, it should be noted that the same fuzzy rules were used for each architecture of the different type 1 and type 2 fuzzy systems. In previous work we have worked with the optimization of fuzzy rules, for which we already have the optimal number of fuzzy rules based on the optimization made previously, that is why the fuzzy rules are listed below, it should be noted that the same fuzzy rules were used for each architecture of the different type 1 and type 2 fuzzy systems. In previous work we have worked with the optimization of fuzzy rules, for which we already have the optimal number of fuzzy rules based on the optimization made previously, that is why the fuzzy rules are listed below, it should be noted that the same fuzzy rules were used for each architecture of the different type 1 and type 2 fuzzy systems.
Knowledge Representation of the Optimized Type-1 and Interval Type-2 Fuzzy Systems
In this part, we show the knowledge representation of the type-1 FS with triangular membership functions.
The crisp output is calculated as follows: If the number of fired rules is r then the final BP level is:
where L i is the firing level and BP i is the crisp output of the if-th rule.
The triangular curve is a function of a vector, x and depends on three scalar parameters a, b and c, as given by
Input and Output Variables for Triangular Type-1 Fuzzy System
To design a FS, we must determine the input and output linguistic variables, in this FS, we have two inputs and one output. 
x −110.25
9.86 , 110.25 ≤ x ≤ 120.11 
0, x ≤ 88.14 x −88.14 1.96 , 88.14 ≤ x ≤ 90.1 
x −55. 
The Equation (4) represents trapezoidal interval type-2 membership functions with uncertain.
Interval Type-2 Gaussian Membership Function
The Equation (5) represents Interval Type-2 Gaussian Membership Function.
Results of This Work
The results obtained are based on the optimization of the membership functions with the genetic algorithm, below in Table is shown the best architectures of the genetic algorithm
The parameters used in the algorithm are generation: 100, population: 100, selection method: roulette wheel, mutation rate: 0.06 crossing rate: 0.5. These are the parameters used, since in previous tests, a good error was obtained using these parameters.
The classification error is based in the fitness function as shows Equation (7), the thought is to limit the order mistake and this let realizing that the base classifier is arranging effectively, the best approach to know whether the classifier is characterizing accurately is following Table 1 , which characterizes the BP levels. Table 2 demonstrates the distinctive parameters utilized as a part of the GA (in bold). Table 2 . Some of the parameters that were tested before choosing the optimal parameters for the GA. The next tables show the results obtained for 30 patients randomly selected and based on these results we obtain the classification accuracy (CA) rate and classification error (CE) rate, for which we use the following equations:
Genetic
The CA Rate is calculated as follows:
where N c is the Number of Training Instances Correctly Classified and N t is the Number of Training instances. The CE is calculated as follows:
where N e is the Number of Training Instances Incorrectly Classified and N t is the Number of Training instances. The columns shaded with yellow, are the incorrect classifications of each classifier. Below are the experiments done to obtain the best fuzzy classifier, it should be noted that they were tested with 30 patients and this was the result which is shown in Table 3 for type-1 fuzzy systems and the results obtained for interval type-2 fuzzy systems is shown in Table 4 : The results for the classification of the experiments with 45 systolic and diastolic samples from the 24 h monitoring in 30 patients using type-1 fuzzy systems with triangular membership functions is shown in Table 5 with an average 98% and the standard Deviation of 2.36, trapezoidal membership functions is: average 91.925% and the standard Deviation of 7.16 and finally Gaussian membership functions is 91.926% and the standard Deviation of 5.91, then the best one is the triangular type-1 fuzzy system with average of 98 % and the standard Deviation is 2.36. The results for the classification of the experiments with 45 systolic and diastolic samples from the 24 h monitoring in 30 patients using type-2 fuzzy systems with triangular membership functions is shown in Table 6 with an average of 99.408 % and the standard Deviation of 0.998, trapezoidal membership functions is: average 94.29% and the standard Deviation of 4.16 and finally Gaussian membership functions is 93.63% and the standard Deviation of 4.59, then the best one is the type-2 fuzzy system with triangular membership function with the average of 99.408 % and the standard Deviation is 0.998. Based on the experiments performed with the different architectures, it gives the possibility of being able to compare each one of the results and reach the conclusion that the best architecture is the one that is composed of type-2 triangular membership functions, with 21 fuzzy rules and Mamdani type. It is worth mentioning that all architectures improved when using type-2 but the best one is the type-2 fuzzy system with triangular membership functions.
It is also important to highlight the results obtained in the architectures with trapezoidal and Gaussian membership functions, since their standard deviation of type 2 is lower than that of type 1 that is why we conclude that the trapezoidal and Gaussian architectures in type-2 are better than Trapezoidal and Gaussian architectures in Type-1.
Discussion
This work is focused on analyzing each of the possible architectures of type-1 and type-2 fuzzy systems, in order to obtain the best classifier with the least possible error at the moment of making the blood pressure classification.
In the work entitled Design of an optimized fuzzy classifier for the diagnosis of blood pressure with a new computational method for expert rule optimization, the design of a type-1 fuzzy classifier was carried out with the optimization of triangular membership functions and the appropriate fuzzy rules based on the knowledge of an expert in cardiology. The optimization was done with genetic algorithms, in this work the chromosome structure is shown for the optimization and thus finding the appropriate parameters. It is worth mentioning that only work was done with type-1 fuzzy systems and it was limited to testing with triangular functions, since the main objective was to obtain the appropriate number of fuzzy rules and thus avoid possible unnecessary rules for the classification of blood pressure.
In the current work, once the optimal number of fuzzy rules was achieved, we decided to design type-1 and type-2 fuzzy classifiers using triangular, trapezoidal and Gaussian membership functions in order to compare the different architectures with which the experiments were carried out. These are shown in the results section and all this in order to obtain the architecture with the lowest classification error rate.
It is important to emphasize that the use of type-2 fuzzy systems can help to improve the results, compared to previous works of the authors, that is why the contribution of this work is was to find a better classification architecture based on interval type-2 fuzzy systems since the management of uncertainty in their membership functions helped to give a more adequate classification.
At present there are some works in the literature, which have done research in medicine focused on cancer, diabetes, nutrition, cardiovascular diseases among others, all these using other intelligent techniques [42] [43] [44] [45] .
Conclusions
In this work, we experiment with different architectures designed based on fuzzy logic and evolutionary computing techniques, which belong to the artificial intelligence area. The optimal design of the fuzzy systems enables making decisions based on a structure built from the knowledge of an expert, which is specified by membership functions and fuzzy rules and these are made based on parameters on Table 1 , which is an official standard of the European Hypertension Society.
Based on the information obtained in the tables shown above, we can conclude that the best architectures are those that use triangular membership functions with either a type-1 fuzzy inference system or an interval type-2 fuzzy inference system. It is important to note that each of the fuzzy systems were tested with 30 patients, each of which are independent and therefore has an individual classification, based on the best architecture, then the best average is the triangular type-1 and type-2 fuzzy system. The contribution of this work is the design of the type-2 fuzzy system with triangular membership functions, which is better than the design of the type-1 fuzzy system developed previously by the authors [36] , it is also important to mention that the results obtained in the type-2 fuzzy systems with trapezoidal and Gaussian membership functions are also better than their respective type-1, however the design with the best result is achieved in this work with a 99.11% classification with the type-2 fuzzy system with triangular membership functions.
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